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© Device for controlling turbocharger with rotary electric machine. 



© A device for controlling a turbocharger (2) with a 
rotary electric machine (3) detects, at aJi times, the 
rotationai speed (15) of the engine on a motor ve- 
hicle and the amount of depression of the accelera- 
tor pedai (13) to confirm present running conditions 
of the motor vehicle. A required boost pressure 
which is required under the confirmed running con- 
ditions is determined, and if the difference between 
the required boost pressure and the present boost 
pressure is greater than a prescribed value, the 
device determines that the motor vehicle is running 
under conditions which require quick acceleration. 
The device then drives the rotary electric machine 
(3) coupled to the rotatable shaft (23) of the tur- 
bocharger (2) as a motor to increase the speed of 
rotation of the turbocharger (2) for a quick buildup of 
I the boost pressure. 
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DEVICE FOR CONTROLLING TURBOCHARGER WITH ROTARY ELECTRIC MACHINE 



BACKGROUND OF THE INVENTION 



The present invention relates to a device for 
controlling a turbocharger having a rotatabie shaft 
on which a motor/generator rotary electric machine 
Is mounted 

There have been proposed various systems in 
which a turbocharger is mounted on the exhaust 
pipe of an internal combuston engine on a motor 
vehicle and has a rotatabie shaft to which a 
motor/generator is directly coupled for the recovery 
of the energy of exhaust gases. 

Japanese Patent Application No. 60-188827 
discloses, as one such system, a device for con- 
trolling a turbocharger associated with an internal 
combustion engine to operate the motor/generator 
selectively as a generator or a motor dependent on 
the rotational speed of the engine and the load on 
the engine. 

In the proposed device disctoseo in the above 
application, when the motor/generator operates as 
a generator, an electnc load or a battery is sup- 
plied with generated electnc power, and when the 
motor/generator operates as a motor, the super- 
charging operation of the turbocharger is assisted 
to increase the output power of the engine. The 
earlier controlling device however does not have a 
means for optimizing the boost pressure of the 
turbocharger according to changes in the running 
conditions of the motor vehicle. Therefore, even 
when the motor vehicle is running under conditions 
which require quick acceleration, the turbocharger 
tends to suffer an insufficient boost pressure, and 
desired acceleration cannot be achieved. 



machine coupled to the rotatabie shaft, an engine 
speed sensor for detecting the rotational speed of 
the engine, an accelerator sensor for detecting the 
amount of depression of an accelerator pedal 

5 which controls operation of the engine, a boost 
pressure sensor for detecting the pressure of air 
supplied to the engine, a battery mounted on the 

- .„ --motor—vehicle,- means -for- calculating ~a~-requ!red 

boost pressure based on signals from the engine 

ro speed seensor and the accelerator sensor, and 
control means for driving the rotary electric ma- 
chine as a motor and supplying electric power from 
the battery to the rotary electric machine if the 
difference between the required boost pressure 

75 and a boost pressure detected by the boost pres- 
sure sensor is greater than a prescribed value. 

The above and other objects, features and ad- 
vantages of the present invention will become more 
apparent from the following description when taken 

20 in conjunction with the accompanying drawings in 
which a preferred embodiment of the present in- 
vention is shown by way of illustrative example. 



25 BRIEF DESCRIPTION OF THE DRAWINGS 



Rg. 1 is a block diagram of a device for 
controlling a turbocharger with a rotary electric 
30 machine according to the present invention; and 

Rg. 2 is a flowchart of operation of the 
controlling device of the present invention. 



35 DESCRIPTION OF THE PREFERRED EMBODI- 
MENT 



SUMMARY OF THE INVENTION 



It is an object of the present invention to pro- 
vide a device for controlling a turbocharger with a 
rotary electric machine to obtain an optimum boost 
pressure which is necessary according to the run- 
ning conditions of a motor vehicle that is equipped 
with the turbocharger. 

According to the present invention, there is 
provided a device for controlling a turbocharger 
with a rotary electric machine, comprising a turbine 
mounted on an engine on a motor vehicle and 
drivable by exhaust gases emitted from the engine, 
a rotatabie shaft coupled to the turbine, a compres- 
sor coupled to the rotatabie shaft for delivering air 
under pressure into the engine, a rotary electric 



Rg. 1 shows in block form a device for control- 
40 ling a turbocharger with a rotary electric machine 
according to the present invention. Rg. 1 illustrates 
an internal combustion engine 1 which is operated 
by the energy produced by combusting supplied 
fuel with air drawn through an intake pipe 11 for 
45 driving a motor vehicle (not shown). Exhaust gases 
emitted from the engine 1 by such fuel combustion 
are discharged through an exhaust' pipe 12. De- 
noted at 1 3 is an accelerator sensor for detecting 
the amount of depression of an accelerator pedal. 
50 14 a load sensor for detecting the load on the 
engine 1 based on the position of a rack of a fuel 
injection pump (not shown) of the engine 1 , and 1 5 
an engine speed sensor for detecting the rotational 
speed of the engine 1. These sensors transmit 
detected signals to an electronic control unit 
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(described later on). 

A turbocharger 2 is: coupled to the exhaust 
pipe 12 and the intake pipe 1T. The turbocharger 2 
has a turbine 22 drivable by exhaust gases and a 
compressor 21 for delivering intake air into the 
intake pipe 11. The turbine 22 and the compressor 
21 are interconnected by a rotatable shaft 23 on 
which there is mounted a rotary electric machine 3 
that is operable selectively as a motor or a gener- 
ator. The turbocharger 2 has an exhaust gas inlet 
pipe 24 coupled to the exhaust pipe 12 and hous- 
ing a partition 25 which is disposed in an exhaust 
passage for driving the turbine 22 to divide the 
exhaust passage into two passageways. An on/off 
valve 26 is disposed in one of the divided passage- 
ways. When the amount of exhaust gases is small, 
the on/off valve 26 is closed to increase the speed 
of How of exhaust gases through the other pas- 
sageway for driving the turbine 22 at high speed. 

The rotary electric machine 3 has a rotor 31 
which can be rotated by electric power supplied 
from a battery 5 through a power converter 4. 
When the rotor 31 is rotated, the compressor 21 
operates to compress intake air and supercharge 
the engine 1 through the intake pipe 11. The boost 
pressure developed by the compressor 21 is de- 
tected by a boost pressure sensor 16 which trans- 
mits its detected signal to the electronic control 
unit 6. 

The power converter 4 has power control cir- 
cuits such as a rectifying/smoothing circuit for con- 
verting AC electric power into DC electric power, a 
converter circuit for converting the voltage of the 
DC olectric power freely, an inverter circuit for 
converting the DC electric power into AC electric 
power with its frequency freely reguiatable, and a 
duty factor control circuit for controlling the voltage 
or electric power with semiconductor control ele- 
ments. The power converter 4 is electrically con- 
nected between the rotary electric machine 3 and 
the battery 5. The various power control circuits of 
the power converter 4 are controlled by commands 
from the electronic control unit 6. 

The AC electric power from the rotary electric 
machine 3 operating as a generator is converted 
into DC electric power by the rectifying/smoothing 
circuit of the power converter 4, and the DC elec- 
tric power is controlled by the converter circuit and 
the duty factor control circuit so as to be suitable 
for charging the battery 5. When the rotary electric 
machine 3 operates as a motor, the DC electric 
power from the battery 5 is converted by the 
converter and inverter circuits of the power con- 
verter 4 into AC electric power of a presribed 
frequency and voltage which is supplied to a stator 
32 of the rotary electric machine 3 for assisting the 
supercharging operation of the turbocharger that is 
driven by the exhaust gases. 



Designated in Fig. 1 at 33 is an AC voltmeter 
for detecting the voltage across the stator 32 of the 
rotary electric machine 3, and 41 a DC voltmeter 
for detecting the DC terminal voltage of the power 

s converter 4. Detected signals from these voltmeters 
33, 31 are sent to the electronic control unit 6. 

The electronic control unit 6 comprises a 
microcomputer having a central processing unit 
supplied with signals indicative of operating con- 

70 ditions of the engine 1 and signals from the volt- 
meters for effecting arithmetic operations and 
counting control occurrences, various memories for 
storing a map of data indicating the relationship 
between engine operating conditions and required 

is boost pressures and a program for controlling op- 
eration of the rotary electronic machine, and an 
input/output device for receiving various input sig- 
nals and issuing control commands to an actuator 
and the power converter. The voltage value of a 

20 counterelectromotive force induced in the stator 32 
of the rotary electric machine 3 which operates in a 
motor mode is read into the electronic control unit 
6. 

Fig. 2 is a flowchart of an operation sequence 

25 of the controlling device of the present invention. 
Now, operation of the controlling device will be 
described below with reference to Fig. 2. 

A step 1 checks the rotational speed of the 
engine 1 based on a signal from the speed sensor 

30 1 5. If the rotational speed is higher than 800 RPM, 
for example, then control goes to a step 2 in which 
the engine rotational speed NE is read. A step 3 
then reads in the amount of depression of the 
accelerator pedal based on a signal from the accel- 

as erator sensor 13. Thereafter, a required boost pres- 
sure Be which is required to meet the running 
conditions indicated by the engine rotational speed 
and the boos pressure read in the steps 1 and 2 is 
calculated in a step 4 from the engine rotational 

40 speed and the boos pressure. A step 5 detects the 
present bost pressure al from a signal from the 
boost pressure sensor 16, and then a step 6 de- 
tects whether the difference (Be -Ba1) between the 
required boost pressure Be and the present boost 

45 pressure Bal is higher than a prescribed value A. (f 
(Be - Ba1) > A, then since the motor vehicle 
requires quick acceleration, the boost pressure is 
quickly increased up to the required boost pressure 
in steps 7 through 16. 

so A step 7 detects the rotational speed NT of the 

turbine from the AC frequency of the rotary electric 
machine 3. A step 8 calulates the sum of electric 
power NTV produced at the turbine speed NT and 
electric power (Be - Ba1)V correspoding to the 

55 boost pressure (Be - Ba1). The compressor 21 is 
driven by the sum electric power thus obtained 
thereby to achieve the required boost pressure Be. 
More specifically, after the electric power to be 
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supplied to the rotary electric machine 3 has been 
calculated, the the electric power from the battery 
5 is controlled through duty factor control and 
supplied by the converter and the inverter circuits 
of the power converter 4 as the electric power (Be 
- Ba1)V of a prescribed frequency to the rotary 
electric machine 3 (steps 9 and 10) for assisting 
the rotation of the compressor 21 to increase the 
boost pressure. Then, the increased boost pressure 
Ba2 is detected from a signal from the boost pres- 
sure sensor 1 6 in a step 1 1 . 

A"~step~ T2 compares "the boost pressures 6a£ 
and Ba1. if the boost pressure Ba2 is higher than 
the boost pressure Bal, then the rotational speed 
of the turbine is detected in a step 13. The electric 
power from the battery 5 is corrrected so as to 
obtain electric power (Be - Ba2)V corresponding to 
the boost pressure (Be - Ba2), the rotary electric 
machine 3 is driven by the corrected electric power 
to reach the boost pressure Be (steps 14 through 
16). 

If the engine rotational speed N is lower than 
800 RPM in the stepl. then control jumps to a step 
17 in which a actuator 27 is operated to close the 
on/off valve 26 to increase the speed of flow of 
exhaust gases for increasing the speed of rotation 
of the turbocharger. in a next step 18. the voltage 
V generated by the rotary electric machine 3 at this 
time is measured. Then, the voltage V and the 
battery voltage VB are compared in a step 19. If V 
< VB, then the voltage boosting duty factor of the 
power converter 4 is determined in a step 20 to 
increase the generated voltage V higher than the 
battery voltage VB, after which a battery relay is 
turned on in a step 21 to charge the battery 5. If V 
> VB, then the generated voltage V is controlled so 
as to range from 12 to 14 V in a step 22, and the 
battery relay is turned on in a step 23 to charge 
the battery 5. 

If the difference (Be - Bal) between the re- 
quired boost pressure Be and the present boost 
pressure Ba1 is smaller than the prescribed valve 
A in the step 6, then control goes to a step 24 
which determines whether the difference BY pro- 
duced by subtracting the boost pressure BTC de- 
veloped by the turbocharger and corresponding to 
the engine rotation from the required boost pres- 
sure Be is positive or negative. If BY > 0, then the 
turbine rotational speed NT is detected in a step 
25. Then, electric power BY V is added to electric 
power NT V generated at the turbine rotational 
speed NT in a step 26. After the duty factor of the 
converter circuit is varied in a step 27, the rotary 
electric machine 3 is driven by the inverter circuit 
in a step 28. The boost pressure Ba1 should thus 
be increased. However, the boost pressure may 
not be increased when the accelerator pedal is 
suddenly released or the controlling device of the 



present invention malfunctions. Steps 29 through 
34 confirm whether the accelerator is suddenly 
released or the controlling device malfunctions, and 
. stop the operation of the inverter circuit if the 

5 accelerator pedai is suddenly released or the con- 
trolling device malfunctions. More specifically, a 
step 29 detects the boost pressure Ba3 after the 
turbocharger. is assisted by the rotary electric ma- 
chine 3, and a step 30 compares the boost pres- 

70 sures Ba1 , Ba3. If the boost pressure Ba3 is lower 
than the boost pressure Ba1 , then the count N of a 
cbunteris determined Tn~a^ep ^".IKd 
count N and a prescribed count N1 are compared 
in a step 32. If N < N1, this means that the 

75 accelerator pedal which has been depressed is 
suddentiy released. Thus, control returns to the 
step 1 to repeat the aforesaid cycle. If N > N1, this 
means that the boost pressure is not increased 
upon elapse of a certain period of time. The failure 

20 of the controlling device is announced by a buzzer 
or a lamp in a step 33, and the operation of the 
rotary electric machine through the inverter circuit 
is stopped in a step 34. If BaS > Ba1 in the step 
30, then a step 35 compares the required boost 

25 pressure Be and the boost pressure Ba3 after the 
rotary electric machine is driven by the inverter 
circuit If Be < Ba3, then it means that the boost 
pressure has built up higher than the required 
boost pressure Be, and hence voltage regulation or 

30 frequency control to lower the voltage by AV is 
effected in a step 36 so that the boost pressure is 
reduced to the desired required boost pressure Be. 

If BY is negative in the step 24, it means that 
the boost pressure at the present engine speed is 

35 sufficient and no increase in the boost pressure is 
required. Consequently, the rotary electric machine 
3 is operated as a generator in a step 37, the 
generated voltage V is measured in a step 38, and 
the generated voltage V and the battery voltage VB 

40 are compared in a step 39. If V > VB, then the 
voltage is controlled through duty factor control in a 
step 40, the battery relay is turned on in a step 41 
to charge the battery 5. If V < VB, then a charging 
voltage is selected in a step 42, the voltage is 

45 controlled through duty factor control in a step 43, 
and the battery relay is turned on in a step 44 to 
charge the battery 5. 

If Ba2 > Ba1 in the step 12, this means that the 
boost pressure Bal before the rotary electric ma- 

50 chine is driven through the inverter circuit is higher 
than the boost pressure Ba2 after the rotary elec- 
tric machine is driven through the inverter circuit 
When this happens, the depressed accelerator 
pedal may have immediately been released, or the 

55 control device may have had a malfunction. A 
control sequence similar to that of the steps 31 
through 34 is then carried out in steps 45 through 
48. More specifically, the count N of a counter is 
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determined in a step 45, and the counter count N 
and a prescribed count N2 are compared in a step 
46. If N < N2, this means that the accelerator pedal 
which has been depressed is suddently r eleased. 
Thus, control returns to the step 1 to repeat the 
aforesaid cycle. If N > N2, this means that even 
upon elapse of a certain period of time after the 
rotary electric machine is driven by the inverter 
circuit, the boost pressure does not rise above the 
boost pressure Bat, and the controlling device is 
malfunctioning. The failure of the controlling device 
is announced in a step 47, and the operation of the 
inverter circuit is stopped in a step 46. 

With the present invention, as described above, 
the boost pressure of the turbocharger is checked 
at all times to achieve an optimum boost pressure 
which is required for quick acceleration according 
to running conditios of the motor vehicle. There- 
fore, the response of the engine is increased, mak- 
ing it possible to drive the motor vehicle through 
quick maneuvering efforts. 

Although a certain preferred embodiment has 
been shown and described, it should be under- 
stood that many changes and modifications may 
be made therein without departing from the scope 
of the appended claims. 

Claims 

1 . A device for controlling a turbocharger with a 
rotary electric machine, comprising: 

a turbine mounted on an engine on a motor 
vehicle and drivable by exhaust gases emitted from 
the engine; 

a rotatable shaft coupled to said turbine; 
a compressor coupled to said rotatable shaft 
for delivering air under pressure into said engine; 

a rotary electric machine coupled to said 
rotatable shaft: 

an engine speed sensor for detecting the 
rotational speed of said engine; 

an accelerator sensor for detecting the amount 
of depression of an accelerator pedal which con- 
trols operation of said engine; 

a boost pressure sensor for detecting the 
pressure of air supplied to said engine; 

a battery mounted on said motor vehicle; 

means for calculating a required boost 
pressure based on signals from said engine speed 
seensor and said accelerator sensor, and 

control means for driving said rotary electric 
machine as a motor and supplying electric power 
from said battery to said rotary electric machine if 
the difference between the required boost pressure 
and a boost pressure detected by said boost pres- 
sure sensor is greater than a prescribed value. 



2. A device according to claim 1, wherein said 
conrol means includes means for calculating elec- 
tric power corresponding to the rotational speed of 
said turbine, for calculating electric power corre- 

5 sponding to a value obtained by subtracting the 
boost pressure detected by said boost pressure 
sensor from said required boost pressure, and for 
adding the calculated values of electric power to 
provide electric power rquired to be supplied. 

to 3. A device according to claim 1, wherein said 

control means includes means for calculating the 
boost pressure developed by said turbocharger 
and corresponding to the rotational speed of the 
engine if the difference between said required 

rs boost pressure and the boost pressure detected by 
said boost pressure sensor, for calculating electric 
power corresponding to the rotational speed of said 
turbine if the value obatined by subtracting the 
calculated boost pressure from said required boost 

2Q pressure is positive, for calculating electric power 
corresponding to a value obtained by subtracting 
the boost pressure developed by said turbocharger 
and corresponding to the rotational speed of the 
engine from said required boost pressure, and for 

25 adding the calculated values of electric power to 
provide electric power rquired to be supplied. 

4. A device according to claim 1 , further includ- 
ing means for, after said rotary electric machine is 
driven as a motor, comparing the boost pressure 

30 developed after said rotary electric machine is 
driven as a motor and the boost pressure devel- 
oped before said rotary electric machine is driven 
as a motor, and for issuing an alarm signal if the 
boost pressure developed after said rotary electric 

35 machine is driven as a motor is lower than the 
boost pressure developed before said rotary elec- 
tric machine is driven as a motor. 

5. A device according to claim 1 , further includ- 
ing means for, after said rotary electric machine is 

40 driven as a motor, comparing the boost pressure 
developed after said rotary electric machine is 
driven as a motor and the boost pressure devel- 
oped before said rotary electric machine is driven 
as a motor, and for stopping the operation of said 

45 rotary electric machine as a motor if the boost 
pressure developed after said rotary electric ma- 
chine is driven as a motor is lower than the boost 
pressure developed before said rotary electric ma- 
chine is driven as a motor. 

so 6. A device according to claiml, further includ- 

ing means for calculating the boost pressure devel- 
oped by said boost pressure and corresponding to 
the rotational speed of said engine based on a 
signal from said engine speed sensor, and for 

55 operating said rotary electric machine as a gener- 
ator if a value obtained by sutracting said cal- 
culated boost pressure from said required boost 
pressure is negative. 
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7. A device according to claim 6, wherein said 
means for operating said rotary electric machine as - 
a generator includes means for comparing the volt- 
age generated by said rotary electric machine and 

the voltage of said battery, and for turning on a s 
circuit to charge said battery if the generated volt- 
age is higher than the voltage of said battery. 

8. A device according to claim 6, wherein said 
means for operating said rotary electric machine as 

a generator includes means for comparing the volt- to 
age generated by said rotary electric machine and 
the" voltage of ~~sa4a~"SaTteryr~arKT tor" selecfing a 
charging voltage and turning on a circuit to charge 
said battery if the generated voltage is lower than 
the voltage of said battery. ts 
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Fig. 2 (A) 
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Fig. 2 (B) 
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